Background: Wilms tumour is a comparatively common paediatric malignancy with a relatively good prognosis. Routine post-treatment surveillance at our institution currently includes regular abdominopelvic computed tomography (CT) over a two-year period for the early detection of disease recurrence. The rationale is that early salvage therapy may improve overall patient survival, and thus justifies the exposure to potentially harmful ionising radiation.
Introduction
Wilms tumour (nephroblastoma) is the second most common intra-abdominal tumour presenting during childhood, with approximately 80% of cases diagnosed before the age of 5 years. 1 Advances in treatment have greatly improved the prognosis for children with this condition. Where survival rates were once less than 30%, they are currently quoted at 90%, making it one of the success stories of modern medicine. 2 Nephroblastomas metastasise predominantly to the lungs (58%) and liver (29%), and only rarely to other sites such as the skeleton, mediastinum and brain. Most relapses (90%) occur within 4 years of diagnosis. 3 The practice of post-treatment surveillance imaging is aimed at the early detection of tumour recurrence, thereby enabling early salvage therapy. Long-term survival following salvage therapy has reportedly increased from below 30% in the mid-1980s, to the current range of 50% -60%. 4 Recommendations for post-treatment surveillance imaging of patients with Wilms tumour that are currently in use include the guidelines proposed by the American COG (Childhood Oncology Group) (Table 1) and European Société Internationale d'Oncologie Pédiatrique (International Society of Paediatric Oncology) (SIOP) ( Table 2 ). These imaging recommendations were originally created for research purposes, but are often used to guide the clinical use of imaging studies. As far as could be determined, no other standardised guidelines have been published. 1 The Universitas Academic Hospital Paediatric Oncology Unit in Bloemfontein, South Africa, follows the SIOP guidelines to stage and manage patients who have been diagnosed with Wilms tumour. The imaging protocol for off-treatment surveillance is, however, largely based on the COG guidelines. Routine surveillance abdominopelvic computed tomography (CT) scans are performed at three-month intervals during the first year and six-monthly in the second year of post-treatment follow-up. Concurrent radiographs or CT of the chest are performed to screen for pulmonary metastases.
According to the COG guidelines, patients with high-risk Wilms tumours may receive up to 8 abdominopelvic CT scans during the post-treatment follow-up period. 1 The estimated cumulative effective dose to an individual patient from all the ionising diagnostic radiological investigations performed at diagnosis, while on treatment, and during the follow-up period -according to the COG trials -amounts to 152.8 mSv, 5 which is the equivalent of approximately 7500 chest radiographs. 7 The possible long-term adverse effects of low-dose radiation associated with radiological investigations are increasingly being put under the spotlight, with the most worrisome risk being that of radiation-induced cancer. 8 The paediatric population is particularly susceptible to the harmful effects of ionising radiation owing to the increased radiosensitivity of their rapidly dividing cells, in particular thyroid, breast and gonadal tissue. Children also have a longer lifetime during which radiation-related cancers have time to develop. 7 Compared with an adult, a dose of radiation results in a tenfold increase in neoplastic potential in a growing child. 9 The estimated lifetime risk of radiation-induced fatal cancer in children who have had a CT scan is 1 in 1000. 10 There is also an incremental increase in cancer risk for each additional CT scan. 11 Paediatric oncology patients are often exposed to a large number of serial and frequently high-dose examinations, resulting in a considerable cumulative radiation exposure.
To justify the risk, albeit small, of radiation-induced malignancy owing to exposure from a radiological surveillance programme, two conditions have to be met. Firstly, disease recurrence has to be accurately detected before it becomes clinically apparent; and secondly, earlier detection of relapse should lead to improved overall survival. 5 The aim of the present study was to critically evaluate the use of abdominopelvic CT scans in the post-treatment surveillance programme of children with Wilms tumour, with the purpose of effective minimisation of exposure to ionising radiation and optimal utilisation of limited resources. Our objectives were, firstly, to determine the radiological, and specifically abdominopelvic CT, detection rate of tumour recurrence during the routine surveillance programme in children who have successfully completed their treatment for nephroblastoma; and secondly, to determine the value of a positive radiological finding of recurrent disease by describing the clinical outcomes in these children.
Methods
A retrospective descriptive study was undertaken after obtaining approval from the Ethics Committee of the had residual or progressive disease at the end of treatment, absconded from treatment or follow-up, or had died owing to comorbidities or other causes during the follow-up period, were excluded from the study population.
The variables collected from paper and electronic patient records included age at diagnosis, gender, initial tumour staging and histological grading, and the total number of abdominopelvic CT scans, including the number of surveillance scans. In the event of disease relapse during follow-up, the time between treatment completion and relapse, the anatomical site(s) of relapse, initial method of relapse detection and the method of confirming or refuting the diagnosis of relapse, were recorded. The last known clinical outcome for each patient was also established.
A total of 126 patients were treated for Wilms tumour during the period under investigation. Of these, 22 patients were lost to follow-up and 9 absconded. A further 31 patients were excluded owing to progressive or residual disease after completing the standard treatment protocol.
Results
Of the 64 patients included in the study population, there were slightly more girls (n = 35) than boys (n = 29). The median age at diagnosis was 3 years (range 0.6 to 11 years). Nine patients (14% of the study population) had confirmed disease relapse during the follow-up period. The characteristics of these patients are set out in Table 3 . The median time interval between completion of treatment and the diagnosis of relapse was 6 months (range 3-12 months). The most common anatomical site of relapse was the lungs (56%, n = 9), followed by local recurrence and liver metastases, both occurring in one-third of cases of relapse. No disease recurrence was found in the pelvis. One patient presented clinically with skeletal metastasis during the follow-up period.
Of the 9 confirmed cases of relapse, 3 were initially detected by surveillance abdominopelvic CT (Figure 1) . A further 3 were detected by plain chest radiography, 1 by chest CT, and 2 presented with clinical symptoms of relapse.
The clinical outcomes in the patients who presented with relapse following disease remission were very discouraging. Eight of the 9 patients responded poorly to salvage therapy and died. The median duration of survival following the diagnosis of disease recurrence was 18 months (range 7-27 months). The only patient who could be successfully salvaged presented with lung metastases detected initially by chest radiograph.
In 5 patients diagnosed with disease relapse during the period of imaging surveillance, it was found not to be the case on subsequent biopsy or clinical and radiological follow-up. Of these false-positive cases, 2 were diagnosed on abdominopelvic CT, 2 on chest CT and 1 on a chest radiograph (Figures 2-3 ).
Discussion
Our rate of detecting disease recurrence with routine surveillance abdominopelvic CT was one recurrence for every 111 scans performed, which is similar to that found in a study by Howell et al., 12 where routine CT detected one recurrence for every 129 scans performed in the follow-up of children with solid tumours. In their study, only 30% of the total recurrences were detected by routine investigations, with the majority presenting symptomatically between routine clinic appointments. This finding led the investigators to question the usefulness of frequent routine follow-up investigation in paediatric oncology. 12 In contrast, the majority of relapses in our study were detected by imaging investigations, which may be attributed to differences between the natural history of Wilms tumour and the other solid tumours included in the study by Howell et al., 12 the different frequency of routine follow-up investigations, and the relatively small patient populations of both studies.
A few studies have evaluated the outcomes of the detection of disease relapse by routine surveillance imaging following completion of therapy for paediatric cancers. Most indicate little or no improvement in salvage rates between relapses detected by imaging or clinically. 13 The salvage rates were equally dismal in relapses detected clinically or by imaging in our study. All 3 of our patients with disease recurrence detected by abdominopelvic CT, developed progressive disease and died regardless of salvage therapy, with a median survival of 22 months (range 21-26 months).
The ALARA (as low as reasonably achievable) principle advocates the reduction of radiation exposure through the optimisation of scanning parameters, the elimination of unnecessary examinations and the use of alternative 
FIGURE 3:
Follow-up abdominopelvic CT in a patient, previously in remission following treatment for stage II nephroblastoma, shows a well-defined hypodense lesion in the right lobe of the liver. This lesion was not present on baseline imaging and had increased in size compared with a previous followup CT, making the lesion highly suggestive of a liver metastasis. The patient subsequently underwent liver resection. Histology revealed hydatid disease. non-ionising imaging modalities. Ways of decreasing the radiation exposure of a CT scan include optimising scan settings according to patient size and limiting the area of the body being scanned. Studies by Kaste et al. 14 and Kan et al. 2 found no benefit from including the pelvis in routine surveillance CT of patients with Wilms tumour. Omitting pelvic CT saves an average of 30% to 45% of the effective dose of abdominopelvic CT.
14 No pelvic recurrences were observed in our study population, further supporting these findings.
The elimination of unnecessary investigations and the use of alternative non-ionising imaging modalities constitute the most effective ways of reducing radiation exposure. The use of ultrasound in the initial diagnosis of Wilms tumour is well established. Renal ultrasonography is also considered the optimal screening modality for the detection of Wilms tumour in at-risk individuals. 15 There are to our knowledge, however, no studies that compare the diagnostic performance of abdominal ultrasound with abdominopelvic CT in routine off-treatment surveillance. Daw et al. 16 investigated abdominal relapse in Wilms tumour and found that all cases of recurrence were detected by ultrasound obtained at the time of relapse. Their results suggest that regular sonographic surveillance for three years after completion of treatment is likely to detect most abdominal recurrences, 16 making it an attractive alternative to abdominopelvic CT.
The cost-effectiveness of routine follow-up investigations should also be taken into consideration, especially within the context of resource constraints. Guadagnolo et al. 17 analysed the cost-effectiveness of CT in the routine followup of patients with Hodgkin's disease, comparing it with non-CT modalities. Their study also took into account the decrement in quality-adjusted life expectancy owing to falsepositive CT results. It was found that annual follow-up CT is associated with minimal survival benefit. For advanced stage patients, annual CT for 5 years was associated with a small quality-adjusted survival gain over non-CT follow-up, but at an incremental cost-effectiveness ratio of $US9 million per quality-adjusted life year gained. 17 The poor outcomes of patients with recurrence detected by abdominopelvic CT in our study, as well as the morbidity and anxiety associated with false-positive results, suggest an unfavourable costbenefit ratio for the use of this modality in the routine posttreatment surveillance of Wilms tumour.
To promote a more rational approach to follow-up imaging in children with cancer, it is important to understand the motivation of the different role players. The good treatment response of certain childhood cancers, including Wilms tumour, leads to optimistic attempts to achieve permanent control at any price. The difference in attitude of paediatric oncologists, compared with adult oncologists, also leads to a more aggressive approach to post-treatment surveillance. 18 Ultimately, it remains the responsibility of the radiologist to ensure that any request for an imaging investigation is justified and that exposure to ionising radiation be kept as low as reasonably achievable.
Although it may be argued that the parents or the patients themselves derive reassurance from negative routine followup investigations, these may also lead to unnecessary anxiety, practical inconvenience and physical discomfort related to preparation for CT scans and intravenous contrast administration.
Limitations of the study
The study was limited by the relatively small study population. A large number of patients were excluded owing to poor treatment response associated with advanced disease at presentation, or were lost to follow-up. These circumstances compare poorly with the 90% remission rates reported in developed countries, and can most likely be attributed locally to poor socioeconomic conditions, low levels of education and a sub-optimally functioning primary healthcare system.
Conclusion
Our study set out to critically evaluate the routine use of abdominopelvic CT in the post-treatment surveillance of patients with Wilms tumour. We found that in the past 12 years, routine abdominopelvic CT detected only 3 cases of disease recurrence. Unfortunately, none of these patients survived much longer than 2 years following the diagnosis of disease recurrence, despite salvage therapy. At the same time, patients who did not go on to develop disease recurrence were subjected to a significant radiation burden, with the associated risk of radiation-induced cancer later in life.
In view of the findings, we propose the use of the SIOP surveillance imaging recommendations, using ultrasound in preference to CT for abdominal surveillance. This will lead to a significant reduction in radiation exposure and cost, without jeopardising patient outcomes.
Our findings highlight the need for improved and ongoing collaboration between paediatric oncologists and radiologists to re-assess current practices and devise optimised imaging strategies that take the risks associated with potentially avoidable exposure to ionising radiation, as well as the impact on limited resources, into account.
